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(54) Mettiod for instaHIng a scrolled resilient sheet alongside the Inner surface off a fluid conduit 



(57) A scrolled resiient sheet (3) is InstaDed against 
the inner surface (4) of afluid conduit (1) using a carrier 
tool (5) from which a resilient sheet having an average 
thidoiess more than 2 mm and an elastic or pseudoe- 
lastic recoverable strain of at least 0.6% is released so 
that the sheet e>q3ands with an exparrsion fcxse which is 
suff icierrtly high to allow the sheet to press itseH into 
place alongside the inner surface of the conduit and to 
remain In place after installation. 
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Description 

Background of the Invention 

[0001] The invention relates to a method tor installing i 
a saolled resilient sheet alongside the inner surface of 
a fluid conduit. 

[0002] It Is known from US patent specifications 
4.501 .327 and 5.040,283 to scroll a sheet around a car- 
riff tod and then move the carrier tool canyng the 
scrolled sheet through the conduit towards a kx»tton 
where the resiGent sheet is to be installed, whereupon 
the sheet is released from the canler tool and alk)w6d to 
opand towards the inner surface of the oorvJuit. 
10003] US patent specricatk)n 5.040^83 enrptoys a 
sheet made of a memory metal wWch wpands as a 
result of a temperature increase. A drawback of this 
method is that memory metais are expensive and are 
not readily available In large sheets. 
[0004] US palent specification 4,501 .327 discksses 
the use of spring steel or alumntnium as a resilient mate- 
rial, which materials have an elastk: strain which is 
0.55% or less (0^ for aluminium) and that a suitable 
tMmess tor the sheet material is approximately 3/64 
inch (-1.2 mm). 

[OOOS] In this known method the resilient material is 
pressed against the wan of the conduit when the carrier 
tod is pulled back through the expanded shaal. 
[0006] Drawbacks of this known method are that a rel- 
atively thin sheet material is used which can be easily 
damaged and which has a resiliency whfch is only suffi- 
dent to unscroH the sheet but whk:h does not induce the 
sheet to press itself into place alongside the inner wall 
of the conduit so that a finaf pressing step is still 
required. 

[0007] It is believed that the k>w virall thickness of the 
known aluminium or spring steel sheets and the rela- 
tively tow expansion fofce are associated with the tow 
elastic strain capacity of the materials used. 
[0008] H is an object of the presem inventton to elimi- 
nate these drawbacks and to provUe a method tor 
installing a scrolled resilient sheet atongside the inner 
surface of afluW conduit which aflowsthe use of a rela- 
tively thkii and robust sheet whfeh is not easily dam- 
aged after installation and whfch does not require the 
step d pressing the sheet atongside the wall of the con- 
duit by means d an expansion tod. 

fUimmarvd the Inventton 

(0009] Toward providing these and other advantages 
the method according to the present inventton emptoys 
a resilient sheet which has an average wafl thkioness d 
at least 2 mm and an elastic or pseudoelastto recovera- 
ble strain of at least 0.6% so as to induce the scrolled 
sheet to expand with an expansion torce which is suffi- 
dendy high to allow the sheet to press itself into place 
aton^e the inner surface of the conduit during instal- 



lation and to remain in place after installation. 
(001 0] When used in this spedf ication the terni elastic 
strain refers to the yield Btress->toung'8 modulus ratio for 
materials which have a yield point tike many carbon 
i steels have, or the prod stress->bung s modulus ralto 
for materials which do not have a yield pdnt If the elas- 
tic strain is expressed as a percentage thensatoratto's 
are to be multiplied by a factor d 100. 
[001 1 ] Prder^ the resilient sheet has an average 
10 wall thickness da! least 3 mm and is made da titanium 
alloy having an elastic modulus nrt more than 115.000 
MPa and a prod stress d at least 825 MPa. so that the 
elastic strain is more than 0.75% 
(001 2] It is also prefened that the resiliem sheet mate- 
rs rial has an average wall thickr>ess d at least 4 mm and 
IS made d a TI-6AI-4V alloy. 
10013] The sheet may be a rectangular sheet without 
pertoiHttons whtah is used toprovide a seal or a patch d 
an area where the waB d the conduit has been njp- 
20 tured, damaged or eroded. Attematively the fluid con- 
duit is fonned by an irrftow region d a hydrocarbon 
productton well and the sheet is perforated at regular 
intenmJs and is installed atongside the inner surface d 
the weltoore to serve as a wellsaeen. 
25 [0014] If the sheet is to be scrolled to a very small 
diameter, for example if it is to be moved through con- 
strictions in the conduit then it can be benefkaal to use 
a pseudoelastto alloy as sheet material. Suitable pseu- 
doelastto altoys are ri-16V-3AI^ and TiM. 

30 

BriAf Pescriptton d the [)raw!nos 

[0015] These and further features, objects and advan- 
tages d the method according to the invention win be 
35 more fully appredated by reference to the follamng 
detailed desaiption d a prefened embodiment d the 
inventton which should be read in conjunction with the 
aooompanying drawings in whtoh: 

40 Rg. 1 is a schematic side elevattonal view da resil- 
ient Sheet whtoh is being placed instoe a conduit in 
the form d a vertical underground bcrehde; and 
Rg. 2 is a stoe view d an unscroOed resilient sheet 
wNch comprises drcumferiential slots so that the 

45 sheet can be used as a wellsaeen. 

Pftmr*^ ^ Pfflfarrad Embodiment 

[0016] RoferringnowtoRg. 1 there is shown a verttoal 
so wellbore 1 traversing an underground formation 2 and a 
resilient sheet 3 which is unscrdfing itself against the 
wall 4 d the weltxyel. 

[001 7] The sheet 3 has been lowered into the welbore 
1 using a earner tod 5 whtoh is suspended on a wireline 
55 6. 

[0018] The earner tod 5 and wireline 6 are shown in 
the drawing in dotted lines. 

[001 9] Before towering the carrier tod 5 into the wetl- 
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bore 1 the sheet 3 is scrolled around the tool 5 and fixed 
to the tool 5 using tack welds and/or clips. When the tool 
has arrived at the location where the sheet 3 is to l)e 
installed the tack welds and/or clips are released, tor 
exanple using explosive deirices which shear off the 5 
tack welds and/or dtps. 

[0020] The resilient sheet 3 has a thickness of at least 
2 nvn and an elastic strain of at least 0.6% which allows 
the sheet to devetop a Ngh expansion farce so that it 
expands and presses itself into place against the wall 4 10 
of me weltx)re1 and to remain in place after installation 
even if the pore pressure of the surrounding tornnation 2 
is higher than the fluid pressure within the wellbore 1 
[0021] When seen in drcumferential cfirection, the 
ends of the resaient sheet 3 form flaps 7 where the is 
sheet 3 has a reduced waJi thidtness. The drcumteren- 
tial length of the sheet 3 wUl be choeen sfighHy larger 
than the circumference of the wall 4 of tfie weflbore 1 
such that the flaps 7 wfll at least parity overlap If the 
resiliemsheet3 has been expanded against said wan 4. 20 

Thus the flaps 7 wil aeate a shut-off for leaks and wH 
create a smooth and almost seamless imernal bore of 
the expanded sheet 3. To impro^ the sealing a further 
sleeve {not shown) of cellular rubber may be placed out- 
side the outer flap 7. Ibie sleeve shoukJ be bonded » 
along an axial line, but not around the drcumference of 
the flap 7. This is because the ntter has to stretch on 
unsadling. and nvst therefore slide over the flap 7 
v^ch does not stretch. The interface may be lubricaled. 
10022) In the assembly shown In fng.1theflap6 7 are so 
not taken into account fc>r determinatkMi of the average 
wall thickness of the sheet 3. In accordance with the 
invBrrtk>n the average waB thickness of the sheet 3 is at 
least 2 mm whereas the waU thickness of the flaps 7 
may be less than 2 mm. Thus, when used in this speci- 35 
ficatfan, the term avemge wall thickness of the sheet 
denotes the waU thickness of any parts of the sheet 3 
other than the naps 7 and locations where the sheet 3 is 

perforated. 

[0023] The maxmum average wall thk^kness T of a 40 
sheet 3 that wiD fully etastically unscroll can be esti- 
mated on the basis of the fonmula: 



T/d . T/D < Y/E 



where: 
ds 

D: 

Y- 



4S 



the scrolled diameter of the sheet 
the relaxed diameter of the sheet 
the yield or proof stress of the sheet material; so 
and 

the elastic modulus of the sheet material. 



[0024] By virtue of its high elastk: strain, viz. at li 
0.6% resulting from the combination 0* \<mi elastic or 55 
Young's modulus (pr^erably not more than 115.000 
MPa) and high proof stress (preferably at least 825 
MPa) the sheet according to the invention can have 



larger wall thickness than conventfanal resilienis 
sheets. Titanium alloys having an elastic nwJutus less 
than 1 50.000 MPa are partknjlarty suitable tor use in ttie 
sheet according to the invention. A Ti alley grade 5 
sheet having an average wan thickness of 4 mm can be 
used for a 7* (17.5 mm) casing repair. A Ti-22V-4AI alloy 
sheet having an elastic nwdulus of 82 MPa and thernfx>* 
mechanically processed to achieve a proof stress of 720 
MPa or greater can be used tor the same repair with an 

average waQ thickness of 5 mnt 
[0025] Further, some metastaWe beta-tHanium alloys 
such as ri-16V-3AI-6Zr with appropriate themx)me- 
chanical processing exhbit pseudoelasbcity to an 
extent that would permit an average wall thidaiess 
between 11 and 13 mm TifvS wouW permit even greater 
waB tNckness. These pseudodastic alloys can also be 
used to permit sadling to a smaller diameter when the 
sheet has an oveiage wall thk:Kness of several miffime- 
tres to allow installatton through constricttons. such as 
thfOugfvtiMig operatkm in an oil or gas productk)n 
well. 

[0026] The large average waB thfcknessolthe sheet 3 
is not only useful tor creating a robust scroB but also for 
ertfiancing the spring force with wtiich the sheet 3 
unscrdls and presses itself against the wall 4 of the 
wellbore 1. 

[0O27] Referring now to Fig. 2 there is shown a view 
of an unscroQed sheet according to the inventton virhere 
the sheet forms a weU screen 10 which contains eton- 
gate drcumferential stots 11 that are arranged in sub- 
stantially parallel rows both axiaRy and drcumferentially 
aaoss the screen 10. with no stagger between the rows 
of stots. The perforations are also tapered (not shown) 
in radial direction so that the smallest wkllh of the perfo- 
rattons is located at the outer surface of the sheet when 
the sheet is saolled. 

[0028] The tapered shape of the stots 11 serves to 
avoid that sand parttoles whtoh may emer the dots 11 
oouki become stuck partway in the dots 11. 
[00^] Circumferential unstaggered dots 1 1 are pre- 
fened to holes or non-drcumferential dots because the 
operation of scrolling and unscrolling can be performed 
with minimal stress concemrations in the screen mate- 
rial. wti9e retairting maximum spring force, strength and 
stiffness. 

[0030] The srrolled wdlsoreen shown in Fig. 2 can 
also be covered, prefembly at the outer surface, with fil- 
ter material. OptionaBy the filter material can be sepa- 
rated from the surface of the screen 10 by a drainage 
layer, for exanrple coarse woven wire, so that the fluid 
passing through the filter layer not immediate opposite a 
dot 11 in the scroll can flow to the dot 11 through the 
drainage layer. 

[9031] The fitter and drainage layers can be made of 
scrdled sheets of fitter and drainage material which sur- 
round the screen 10. TTie sheets of the screen lOand of 
the filter and dminage layers can be provided with end 
flaps where the sheet has reduced thickness in the 
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same way as shown in Rg. 1 in oolef to create a seam- 
less screen v&ion the assembly of the screen 10 and 
surrounding filter arxl drainage layers unscfolls itseff 
against the wellbore or perforated production liner. The 
wePscreen can thus press KseM directly against the well- 
bore or perforated production liner. wHhout an interven- 
ing annuUs. thus obviating the need tar gravel packing, 
thereby reducing the risk of erosion and stabiliarHJ the 
tormation. 

[0032) If desired, the ovedapping ends c* the sheet or 
saeen may be maintained in a fixed position relative to 
each other once the sheet has been expanded and 
installed witNn the conduit or weilbore. This may be 
achieved by welding or bonding the ends to each other, 
or by providing the overlapping ends with axial locking 
grocwesor with ratchet profles that altow unsaoOing but 
prevent ra^crolling of the sheet or screen. 

Claims 

1. A method for installing a saolled resilient shaet 
alongside the inner surface of a fluid conduit the 
method oonprising the steps of: 

• scrolling the resilient sheet and securing the 
scroOed sheet to a carrier tool such that the 
carrier tool carrying the scrolled sheet can be 
moved through the oonduir. 

- moving the carrier tool to a location in the con- 
duit where the resilient sheet is to be installed; 
and 

- releasing the resiyent sheet from the carrier 
tool thereby allowing the resifient sheet to 
expand towards the inner surface of the con- 
duit 

wherein the resilient sheet has an aversge wall 
tNctoiess of at least 2 mm and an elastic strain or a 
pseudoetastic recoverable strain of at least 0.6% so 
as to inc&ice the scrolled sheet to expand with an 
expansion force which is sufridently Ngh to aUow 
the sheet to press itself into place idongside the 
inner surface of the conduit during installation and 
to remain in place after installation. 

2* The method of daim 1 , wherein the resilient sheet 
has an average wall thickness of at least 3 mm and 
is made of a titanium alloy having an elastic modu- 
lus not more than 115.000 MPa and a proof stress 
of at least 825 MPa. 



vals and is installed alongside the inner surface of 
the weilbore to serve as a wedscreen. 

5. The method of claim 4. wherein the perforations 
5 consist of elongate drcumferential slots wtiich are 
ananged in substantially parallel rows both axially 
and drcumferentially across the sheet, with no 
stagger between the rows of skyts. 

10 6. The mettiod of daim 4, wherein the perforations are 
tapered in radial direction such that the smallest 
width of the perforations is located at the outer sur- 
face of the saoned resilient sheet. 
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7. The method of daim 1 . wherein the resilient sheet 
has a thickness of at least 5 mm and is made of a 
pseudoelasticafloy. 

a. The method ol daim 7, wherein tfieaBoy is solution- 
treated Tl-16V-3Ah6Zr. 

9. The method of daim 7. wherein the alloy Is TINI. 
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3. Themethodof daim 2. wherein the resilient Sheet 
material has an average wall thickness of at least 4 
mm and is made of a Ti-SAI^V alloy. 

4. The method of claim 1 , wherein the fkiid conduit is 
formed by an inftow region of hydrocarbon produc- 
tfon well and the sheet is perforated at regular inter- 
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